Fatty acids are well-established biomarkers used to characterize trophic ecology, food-web 24 linkages, and organismal niche for a diversity of taxa. Most often, fatty acids examined include 25 only those previously identified as "dietary" or "extended dietary". Consequently, non-dietary 26 fatty acids are commonly discarded, representing approximately half of the fatty acids that can be 27 extracted from fish muscle. In this study, we explored whether non-dietary fatty acids can provide 28 worthwhile information by assessing their ability to discriminate intraspecific diversity within and 29 between lakes. Non-dietary fatty acids delineated variation geographically (between lakes), 30 between locations within a lake, and among morphs within a species. Non-dietary fatty acids were 31 useful in delineating morphs of lake trout in both lakes and, for Lake Superior, performed better 32 than dietary fatty acids. Physiological differences that arise from dynamic differences in energy 33 processing can be adaptive and linked to habitat use (i.e., shallow vs. deep depths) by species 34 morphs, and likely explains why non-dietary fatty acids can be a relevant tool to delineate 35 intraspecific diversity in lake trout, which are known to inhabit a large range of habitats. The level 36 of differences in non-dietary fatty acids were as pronounced among morphs within Great Bear 37 Lake as observed in Lake Superior. Little is known what causes non-dietary-mediated differences 38 in fatty acid composition, but our results showed that assessing non-dietary fatty acids can be 39 useful in delineating intraspecific diversity and spatial variation. 40 41 42 43 30
typical of an Arctic lake. The lake is ultra-oligotrophic and, despite its size, has a simple food web, 135 supporting only 15 fish species (Johnson, 1975; MacDonald et al., 2004) . The lake and its biota 136 have remained relatively isolated and unexploited, and is one of the most pristine large lakes in 137 North America. Samples of lake trout were collected from multiple locations, Great Bear Lake has 138 five semi-isolated arms, but due to sample size, data were pooled across multiple sites (see 139 Chavarie et al., 2016b for details). 140 Great Bear Lake sustains a noteworthy example of lake trout divergence (Fig. 2) . With its 141 intraspecific diversity independent of depth-based segregation, the lake also presents an unusual 142 ecological framework for lake trout differentiation (Chavarie et al., 2016a) . Currently, four lake 143 trout morphs are described in Great Bear Lake; three are common (Morphs 1-3), and one is rare Lake Superior is a post-glacial, oligotrophic lake shared between Canada and the USA 153 (47°43′ N, 86°56′ W) ( Fig. 1) . Lake Superior is the largest lake in the world by surface area (82 154 100 km 2 ). Most of the waters of Lake Superior can be classified as offshore; 77% of the total area 155 is greater than 80 m deep (maximum depth = 406 m) (see Horns et al., 2003; Gorman, Yule & 156 Stockwell, 2012; Hoffmann, 2017) . Lake Superior supports 87 fish species, with lake trout as a main target of the commercial fishery since the 1800s. Lake trout were sampled from two sites, 158 Superior Shoal (48° 3'43.54" N, 87° 8'52.57" W) and Stannard Rock (47°12'26.26" N, 87°12'3.82" 159 W), in Lake Superior (Fig. 1) . Superior Shoal and Stannard Rock were known to support humper, 160 lean, and siscowet Lake Trout morphs, whereas redfins, described by Muir et al. (2014) , were not 161 yet known to be present at these two sites. 162 Lake Superior supports one of the highest levels of sympatric diversity expressed within 163 lake trout (Fig. 2 
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The humper lake trout has a small head, short snout, short maxillae, large eyes, and short and 169 narrow caudal peduncle. (Muir et al., 2015; Moore & Bronte, 2001) . The redfin has the largest 170 head, snout, and eyes, the longest and deepest caudal peduncle, and much longer pelvic and 171 pectoral fins than the other morphs (Muir et al., 2014) . Finally, the lean has a large, narrow, and 172 pointed head, long snout, small eyes, long and narrow caudal peduncle, short paired fins, and low 173 body lipid content. (Endler, 1978; Muir et al., 2015; Khan & Qadri, 1970 overnight extraction (at -20) in 2:1 chloroform:methanol containing 0.01% BHT (v/v/w) (Folch, 179 Lees & Sloane-Stanley, 1957), samples were filtered through Whatman Grade 1 Qualitative filter 180 paper and the filter paper sample was rinsed twice with 2 mL of 2:1 chloroform:methanol. Sample 181 extract was collected in a test tube and 7 mL 0.88 NaCl solution were added because NaCl 182 encourages fatty acids to move into the organic (chloroform) layer. The aqueous layer was 183 discarded after which the chloroform was dried with sodium sulfate prior to total lipid 184 determination. The extracted lipid was used to prepare fatty acid methyl esters (FAME) by 185 transesterification with Hilditch reagent (0.5 N H2SO4 in methanol) (Morrison & Smith, 1964) .
186
Samples were heated for 1 h at 100 °C. Gas chromatographic (GC) analysis was performed on an 187 Agilent Technologies 7890N GC equipped with a 30 m J&W DB-23 column (0.25 mm I.D; 0.15 188 μm film thickness). The GC was coupled to a Flame Ionization Detector operating at 350 o C.
189
Hydrogen was used as carrier gas flowing at 1.25 mL/min for 14 minutes, increasing to 2.5 mL/min Thirty-eight dietary and 24 non-dietary fatty acids were found to be shared between the two lakes, 210 and these were selected for further analyses (Table A1 and A2). To test for differences in fatty acid composition among morphs within each lake (dietary, Bray-Curtis was used to determine which fatty acids (dietary, non-dietary) were primarily 226 responsible for observed differences among morphs for each lake (King & Jackson, 1999) . We 227 also performed linear discriminant analysis with a jacknife validation procedure using 20% of our 228 data as unknown on fatty acids (dietary, and non-dietary) from each location to evaluate their 229 contribution to delineating intraspecific diversity in lake trout. Finally, PERMANOVA (using 230 9999 permutations), and linear discriminant analyses and jacknife validation procedures were 231 performed on the ten most discriminating dietary and non-dietary fatty acids (20 fatty acids in total 232 to reduce the number of vectors versus number of individuals tested for linear discriminant 233 analysis); these fatty acids were identified from previous SIMPER analyses for each location.
234

Results
235
Combined lakes analyses 236 The first two axes of non-dietary fatty acids PCA explained 42.4 % of the variation among 237 lake trout from Great Bear Lake and Lake Superior (Fig. 3 ). Lake trout from Great Bear Lake 238 clustered together with 37 lake trout overlapped with those from Lake Superior, whereas those 239 from Stannard Rock and Superior shoal overlapped. The separation between the two lakes 240 appeared to be driven by the following fatty acids: 13:1, 14:1n-7, 15:0, 15:1n8, 15:1n6, 15:0 iso, 241 16:1n11, 17:0 iso, 20:0, 22:0, 20:2n9, and 24:1n9. Similar to the non-dietary fatty acids, the first 242 two axes of the dietary fatty acids PCA explained 41.5% of the variation among lake trout from 243 Great Bear Lake and Lake Superior. Lake trout from Great Bear Lake grouped together, with 32 244 individuals overlapped with Lake Superior lake trout, whereas lake trout from Stannard Rock 245 totally overlapped with Superior Shoal individuals ( Fig. 3) . Separation between the two lakes 246 appeared to be driven by fatty acids associated with pelagic habitat (14:0, 20:1n-9, 20:1n-7, 20:1n-247 11 and 22:1n-9; toward Lake Superior) versus one fatty acid associated with cannibalism or/and 248 carnivory (20:5n3; toward Great Bear Lake) (Appendix , Table 1 ). Finally, the first two axes of the 249 PCA based on all fatty acids combined explained 39.0% of the variation among lake trout morphs 250 from Great Bear Lake and Lake Superior. Lake trout from Great Bear Lake clustered together but 251 with 15 lake trout overlapped with those from Lake Superior. Lake trout from Stannard Rock and 252 Superior Shoal in Lake Superior overlapped completely. were correctly classified to morph based on dietary fatty acids (Fig. 4) . Finally, the three morphs 285 also differed when the 10 most discriminating non-dietary and dietary fatty acids were considered 286 together (one-way PERMANOVA, F2,87 = 2.1, P < 0.02), and leans differed significantly from 287 siscowets (P < 0.01). The first two axes of the linear discriminant analysis explained 73.3% and 288 26.8% of the variation, respectively, and 48.9% of all individuals were correctly classified to 289 morph based on their dietary fatty acid profile (Fig. 4) . Table 2 ). The first two axes of the linear discriminant 302 analysis explained 38.6% and 35.6% of the variation, respectively, and 31.7% individuals were 303 correctly classified to morph based on their dietary fatty acid profile (Fig. 4) . In contrast to the 304 results for Great Bear Lake and Stannard Rock, when the 10 non-dietary and 10 dietary most 305 discriminating fatty acids were combined for lake trout from Superior Shoal, morphs did not differ 306 significantly from one another (one-way PERMANOVA, F3,116 = 1.3, P = 0.16). The first two 307 axes of the linear discriminant analysis explained 72.9% and 19.7% of the variation, respectively, 308 and 42.5% of all individuals were correctly classified (Fig. 4) . acids showed variation geographically (between lakes), between locations within a lake (i.e., 316 Stannard Rock versus Superior Shoal), and among morphs within a species. Although some 317 overlap was found, our results showed that when investigating intraspecific diversity, non-dietary 318 fatty acids can be a useful tool to delineate groups, and that sometimes, such as at sites in Lake 319 Superior, were more discriminatory than dietary fatty acids. Accordingly, our results suggested 320 that discarding non-dietary fatty acid data as a matter of course may result in inadvertent loss of to changes in the prey base also deserves more consideration.
361
The concept that dynamics of energy processing and storage are adaptive along a gradient 362 that is at least partially driven by depth does not apply to the intraspecific diversity of lake trout in 363 Great Bear Lake. This diversity is limited to shallow-water habitat, and appears to be independent 364 of major habitat and resource partitioning (Chavarie et al., 2016a; Chavarie et al., 2018) . The 365 similarity of results between Great Bear Lake and Lake Superior is thus perplexing, as we were 366 expected greater differences in non-dietary fatty acids among morphs in Lake Superior than in 367 Great Bear Lake, due to known buoyancy variation associated with a depth gradient in Lake
368
Superior. If lake trout morphs from Great Bear Lake are also under selection (Harris et al., 2014) , 369 differences in energy processing and storage may be as pronounced as those that have been 370 observed in Lake Superior. Another question raised by our results is the extent to which morphs 371 are independent of major habitat or resource partitioning (e.g., same question is pertinent for Lake 372 Superior), especially because dietary fatty acids in Great Bear Lake were slightly better at 373 delineating intraspecific groups than non-dietary fatty acids.
374
Ecological differences in allopatry are often found to be more pronounced than those in non-dietary fatty acids appear to be greater than variation among morphs within a lake. For dietary 378 fatty acids, differences between the two lakes appeared to be due to fatty acids associated with a 379 pelagic environment, such as C20 and C22 monounsaturates, that can be used as biomarkers of Great Bear Lake and Lake Superior, considerable overlap occurred among dietary (e.g., five out 390 of 10) and non-dietary (e.g., 7 out of 10) fatty acids that were important in identifying intraspecific 391 diversity in both lakes. The greater number of shared non-dietary fatty acids discriminating lake 392 trout intraspecific diversity in the two lakes supports the idea of similar physiological differences 393 (e.g., energy processing and storage) among morphs from both lakes.
394
A few caveats should be noted that could alter our interpretations. First, no spatial 395 component was defined for the Great Bear Lake dataset, due to small sample sizes from each 396 location, which probably introduced variation into the results. Spatial variation can become 397 important when a large, complex system is studied (Chavarie et al., 2015; Hoffmann, 2017) and 398 environmental variables (e.g., temperature, light) are known to alter lipid composition in fish tissue 399 (Olsen, 1999) . Second, in Lake Superior, multiple life-stages, e.g., juvenile, mature, and resting 400 individuals were included together in the analysis, and different life-stages can vary in lipid 401 metabolism (Sheridan, 1989 ). In addition, lake trout length can also influence fatty acid 402 composition. For example, in lakes Huron and Michigan, large lake trout relied more on nearshore-403 benthic food web resources than small lake trout (Happel et al., 2017a) . Finally, some fatty acids 404 exist at very low amounts (≤ 2%), which can introduce error in interpreting differences among 405 fatty acids that are found in only trace amounts (e.g., peak shouldering). Despite these limitations, 406 we found some consistent patterns with regards to intraspecific diversity between lakes and among 407 morphs within lakes. should carefully consider if such information is superfluous or not before data from these fatty 423 acids are discarded. 424  Table 1 . The ten most discriminating non-dietary fatty acids from SIMPER analyses. Results are 682 presented for each region, including percentage contribution to overall fatty acid 683 dissimilarity among lake trout morphs, and their order of importance (1-10, in parentheses). Fatty 684 acids are listed in order of elution; those highlighted in grey are shared among the study three 685 regions. The total percentage of the ten most discriminating fatty acids are given for each regions. presented for each region, including percentage contribution to overall fatty acid 699 dissimilarity among lake trout morphs, and their order of importance (1-10, in parentheses). Fatty 700 acids are listed in order of elution; those highlighted in grey are shared among the study three 701 regions. The total percentage of the ten most discriminating fatty acids are given for each regions. 4.0% (6) 2.5 % (9) 2.9% (10) 16:4n-3 3.0% (10) 2.6% (8) 16:4n-1 7.3% (3) 6.3% (3) 18:0 18:1n-9 2.4% (10) 18:1n-7 18:2n-6 18:2n-4 18:3n-6 18:3n-4 18:3n-3 18:3n-1 3.3% (9) 3.5% (7) 18:4n-3 18:4n-1 3.5% (8) 10.5% (2) 11.1% (2) 20:1n-11 4.0% (5) 20:1n-9 20:1n-7 3.6% (7) 20:2n-6 20:3n-6 20:4n-6 20:3n-3 20:4n-3 20:5n-3 22:1n-11 8.6% (1) 11.9% (1) 12.1 % (1) 22:1n-9 22:1n-7 2.7% (6) 4.6% (5) 22:2n-6 6.3% (3) 21:5n-3 7.5% (2) 4.7 % (4) 22:5n-6 7.2% (4) 3.0% (9) 22:4n-3 5.0% (4) 2.6% (7) 4.2% (6) 22:5n-3 22:6n-3 5.5% (5) 3.4% (8) and Superior Shoal (Lake Superior). The 95% ellipse of each morph is also provided. 
